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ABSTRACT 
Glue is one of important material in the footwear manufacture which is contained benzene. Benzene vapour 
can enter body through the respiratory tract easily. Benzene is going to metabolism by CYP 2E 1 in the liver 
to form trans, trans muconic acid (tt-MA) and going to excrete simultaneously with urine. Before formed 
tt-MA, benzene is oxidized to an epoxy benzene and benzene oxepin which are electrophilic. It can cause 
cancer by DNA adduct. The increase of the rate of benzene metabolism can increase tt-MA formation and 
reduce the risk of DNA adducts. Benzene metabolism can be enhanced by increasing Fe intake. 
The study aims to analyze the effect of high dietary intake of Fe with the concentration of urinary trans, 
trans-muconic acid (tt-MA) in the shoe worker. Pre-experimental study with one group pretest posttest 
design was conducted and 19 subjects of this study recruited who had fulfilled the inclusion criteria.Worker 
characteristics ( age, sex, and residence), nutritional status (body mass index), activity pattern ( exposure time, 
exposure frequency and smoking habit), Fe absorption inhibitor consumption and benzene air level were 
identified. Urinary tt-MA measurement performed twice, before and after intervention. The intervention 
was giving meal containing high Fe for 56 hours (3 times/day). Weighing leftovers and recall Fe absorption 
inhibitor consumption was conducted in the end of every meal time. 
The study result showed that Fe intake from meat had effect on alteration of urinary tt-MA level (p<a), 
while Fe intake from staple food, vegetables, eggs and nuts had no effect on alteration of urinary tt-MA level 
(p>a). 
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INTRODUCTION 
Informal footwear industry which is now 
considered as a growing industry in Indonesia. Glue is 
one of important material in the footwear manufacture. 
Benzene is an organic solvent contained in the glue 
which is volatile. It makes the benzene vapour enter into 
the body through the respiratory tract easily+'. 
The benzene content in the glue is around 1 .5%, but 
IARC (International Agency for Research on Cancer) 
categorizes benzene into group 1 ,  means that this 
substance is proven to be carcinogenic in humans'>. 
When benzene enters the body, it will first oxidized 
into benzene epoxy by Cytochrome P450 2El (CYP 
2E 1) enzyme. CYP 2E 1 metabolize the benzene epoxy 
into benzene oksepin. Both benzene epoxy and benzene 
oksepin are metabolized into open chain benzene by the 
CYP to become trans, trans muconaldehid or conjugates 
with glutathione to form S-phenilmecapturic acid (S­ 
PMA) excreted by urine. Trans, trans muconaldehid 
oxidized into trans, trans muconic acid (tt-MA) then 
excreted by urine'>", At the benzene exposure of <l 
ppm, body tend to produce trans, trans muconic acid 
as a result of benzene metabolism than phenol and 
hydroquinone. Whereas, at the benzene exposure of> 1  
ppm, body will form phenol than trans, trans muconic 
acid'". 
CYP 2E 1 is known as the main enzymes that 
metabolize benzene. It is found in the liver tissue. 
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Benzene metabolism, at the benzene exposure of> 1 ppm, 
is dominated by CYP 2El enzymev-": The existence of 
CYP enzyme affects the body ability to metabolize the 
xenobiotic. Both the increased levels and activity of 
CYP led to the increased rate of xenobiotic metabolism 
and increases the excretion rate of xenobiotics. Those 
activities can reduce the toxicity effects of xenobiotics". 
Therefore, the increased activity of CYP can increase 
the rate of benzene metabolism in the body which then 
led to the increased levels of benzene metabolites such 
as urinary tt-MA. tt-MA can be used as biomarker of 
benzene to describe the individual exposure to benzene 
or to show the body ability to metabolize benzene. 
The pathways of benzene metabolism becoming 
tt-MA involves both CYP and Fe activity as catalyst". 
Instead of becoming catalyst, the existence of Fe in the 
body is also important for the activity of CYP. This is due 
to Fe as the main components which play an important 
role in the activity of CYP enzyme'<":". Fe has ability 
to modulate the biochemical and toxicological action of 
CYP 2E 1 and therefore, the existence of Fe is enriched 
the CYP2El in microsomal". The low concentration of 
Fe in the liver can decrease the rate of metabolism of 
xenobiotics, since, in the xenobiotic metabolism, Fe is 
necessary for the liver to bind to the heme, which then 
become a constituent of cytochrome P45012• 
It is possible that benzene enter the body of footwear 
craftsmen workers. It is metabolized through the high 
affinity pathway which tends to break the cyclic chain of 
benzene into the long-open chain, and therefore, it form 
tt-MA as metabolite in the urine. Fe has a significant role 
in the metabolic pathway either as an active component 
of CYP or as a catalyst in the benzene cyclic chain 
termination. 
MATERIAL AND METHOD 
This study is a pre-experimental design with one 
group pretest and posttest. The measurements of tt­ 
MA was done before (pre-test) and after (post-test) 
the intervention by giving foods containing high 
concentration of Fe. Providing food containing high Fe 
was done at every mealtime, 3 times a day (morning, 
afternoon and evening), 8 times. The value of Fe in 
intervention based on the RDA (Recommended Daily 
Intake) plus 30%. The posttest was performed 56 hours 
(the benzene clearance time) after the first intervention 
was carried out. The number of subjects was 19 people, 
not in the state of pregnancy, menstruation and postnatal, 
not taking medications regularly in more than one year, 
notconsumingalcohol,havingnormalhemoglobinlevels. 
Age, gender, smoking habits, nutritional status, working 
hours and coffee and tea consumption daily during the 
intervention was identified by using questionnaires, 
interviews and weight and height measurement. The 
research was conducted in 7 footwear home industry in 
Tambak Oso Wilangun, held in November 2016. 
FINDINGS 
The Characteristics of the research subjects can be 
seen in Table 1 .  
Table 1. The Characteristics of Subjects 
Result 
No Variable Category 
n % 
20-40  6  3 1 ,6  
1  
Age 
> 4 0 - 5 0  5  26,3 
(years) 
> 50 8 42,1 
Male 10 52,6 
2 Sex 
Female 9 47,4 
Nutritional 
Thin (<18.5) 1 5,3 
3 Status Normal (18.5-25) 8 42,1 
(BMI)* Fat(> 25) 10 52,7 
Working :S8 5 26,3 
4 Hours (hours/ 
>8 14 73,7 
day) 
Smoking 
Smoker 8 42,1 
5 
Habit Not smoker 1 1  57,9 
Information: *BMI (Body Mass Index) is the ratio 
of weight (kg) by the square of height (meters) 
There are 8 points of the air benzene levels 
measurement in the 7 work locations. The measurement 
was conducted to determine the condition of benzene 
exposure in the workplace as seen in Table 2. 
Table 2. The Level of Benzene in the Air 
Benzene Concentration N % 
< 0,5 ppm 6 75% 
2: 0,5 ppm 2 25% 
Mean 0,51 ppm 
Standart Deviation 0,79 ppm 
Min-Max 0 ,0 1-2 ,33  ppm 
* TLV Benzene: 0,5 ppm 12 
Table 6. The Results of Normality Test and 
the Effect of Fe Intake on the Alteration Levels of 
Urinary tt-MA 
The statistical test of simple linear regression was 
conducted for the normally distributed data and the 
statistical test of logistic regression was performed for 
the not normally distributed data. The purpose of this test 
is to determine the effect of Fe intake on the alteration 
levels of urinary tt-MA. The results of the statistics test 
can be seen in Table 6. 
No Types of food p-value Result 
1 Makanan Pokok 0,751 Insignificant 
2 Daging 0,001 Significant 
3 Sayuran 1,000 Insignificant 
4 Telur 0,999 Insignificant 
(a= 0,05) 
Result 
No Types of food Category 
n % 
Enough 15 78,9 
1 
Staple food 
Less 4 2 1 , 1  
(mg) 
Mean (1,22) - - 
Enough 13 68,4 
2 Meat (mg) Less 6 3 1 ,6  
Mean (7,95) - - 
Enough 18 94,7 
3 
Vegetables 
Less 1 5,3 
(mg) 
Mean (0,75) - - 
Enough 17 89,5 
4 Eggs (mg) Less 2 10,5 
Mean (0,59) - - 
Enough 19 100 
5 Nuts (mg) Less 0 0 
Mean (9,41) - - 
Table 3. The Alteration Levels of tt-MA 
Tabel 4. Coffee and Tea Consumption 
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Table 2 shows the there are 2 points of measurements Table 5. The Intake of Fe Based on the Type of 
in which the levels of benzene in the air is above TLV Food 
(0,5 ppm). 
The mean of pre-test of urinary tt-MA levels is 
515 ,69 µg/g creatinine and post-test 1019,53 µgig 
creatinine. The increased levels of urinary tt-MA is 
503.84 µg/g creatinine (97.7%). Table 3 shows that 
the levels of urinary tt-MA mostly increased after the 
intervention. The highest level of increase of urine tt­ 
MA is >500 µgig creatinine. 
The consumption of coffee and tea daily during the 
administration of intervention was conducted through 
food recall interview. Most subjects consume coffee and 
do not consume tea daily during the intervention (Table 
4) 
The measurement of tt-MA levels in the urine was 
done 2 times, at pre-test and post-test. The post-test was 
performed 56 hours (time of benzene clearance) after 
the first meals was given. The alteration of tt-MA level 
based on pre-test and post-test measurements can be 
seen in Table 3. 
Alteration of tt-MA Levels (µg/g 
Result 
kreatinin) n O/o 
(-500)-<0 6 31 ,6  
> 0 - 5 0 0  5  26,3 
> 500 8 42,1 
Result 
No Variable Category 
n % 
consumption 10 52,6 
1 Coffee 
Not consumption 9 47,4 
consumption 6 31 ,6  
2  Tea 
Not consumption 13 68,4 
The Fe intake obtained from the deviation 
calculation of the Fe concentration in the food given by 
using the Fe concentration of leftovers. The Fe intake 
from the interventions was categorized into 5 types of 
food (Table 5). The Fe intake during the administration 
of treatment was divided into two categories: less than 
(<77% Fe from the food given) and enough (?_77% Fe 
from the food given)18• 
The Fe intake of nuts was not tested due to the 
homogeneous data. 
The statistical test of logistic regression was 
performed to determine the effect of coffee and tea 
consumption daily during the intervention on the 
changes levels of urine tt-MA (Table 7). 
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Table 7. The Test Results of the Effect of Coffee 
and Tea Consumption on the Alteration Levels of tt­ 
MA 
No Consumption p- value Result 
1 Kopi 0,053 Insignificant 
2 Teh 0,698 Insignificant 
(a= 0,05) 
The Effect of Fe Intake on the Alteration Levels 
of Urinary tt-MA 
Fe plays a significant role in the metabolism of 
benzene in the body, as an active constituent of CYP 
2E 1 .  CYP 2E 1 is an enzyme that metabolizes benzene 
entering the body into its metabolites. The metabolism 
of benzene occurs in the liver and bone marrow'>. 
Benzene exposured can cause the increased levels 
of Fe in the liver and bone marrow. The increased levels 
of Fe indicate an increase in the metabolic activity 
of benzene inside those organs", The Fe existence in 
the liver and bone marrow play role in metabolizing 
benzene through binds to apoprotein to form CYP 
2El.  Fe supplementation can increase the number of 
cytochrome P450 in the liver to metabolize drugs14• 
Enough Fe intake help the body to metabolize benzene 
to form its metabolites such as tt-MA excreted from the 
body through urine. 
This research was conducted by giving food 
containing high Fe for 56 hours to the workers exposed 
to benzene and it is expected to help in increasing the 
metabolism of xenobiotics benzene which showed by 
the increased levels of urinary tt-MA. There are 5 types 
of food as sources of Fe in each menu, including: staple 
food, eggs, vegetables, nuts and meat. 
Results based on the regression test of Fe intake 
of food types on the alteration levels of urinary tt­ 
MA indicates that Fe intake from staple food, eggs, 
vegetables and nuts has no effect on the alteration level 
of urinary tt-MA (p>a). Whereas, the Fe intake from 
meat has an effect on the alteration levels of urine tt-MA 
(p<a). 
Fe derived from meat is heme Fe. The 
bioavailability of heme Fe is higher than the non-heme 
Fe which is mostly found in the vegetative foods. The 
bioavailability of heme Fe is around 30-35%. Heme Fe 
can be easily absorbed in the intestinal lumen. This is 
due to heme Fe is not affected by other nutrients which 
act as inhibitors of Fe absorption such as polyphenols 
and tannins from the tea or coffee. Moreover, heme Fe 
is soluble in the oxidizing environment in the gut. It 
caused by the porphyrin ring which prevents the heme 
Fe to form insoluble polymers in the environment of 
small intestine'v". Unlike heme Fe, non heme Fe is 
easily oxidized in the gut to form long chain of polymer 
Fe which is insoluble so that it cannot pass through 
the intestinal mucous membrane to be absorbed 13 .  It 
supports the regression test result of this research which 
indicates that consuming coffee and tea daily during the 
intervention does not affect the levels changes of urine 
tt-MA. 
Heme Fe entering the intestinal mucosa! cells 
( enterocyte) is released from the porphyrin ring by heme 
oxygenase enzyme. Then, Fe is transported across the 
basolateral membrane in Fe2+ form (ferrous) through 
ferroportin. Fe2+ is oxidized by haephestin to Fe3+ which 
then binds to transferrin and transported to the plasma. 
Through tranferin, Fe can be distributed to the liver. In 
the liver cells particularly inside the mitochondria, Fe 
undergo coupling reaction with protoporphyrin IX to 
form heme by the enzyme of ferrochelatase. This heme, 
which then binds to apoprotein in the endoplasmic 
reticulum of liver cells, to form CYP. It is going to 
further differentiate into families CYP 2El 13 , 16•  Then 
CYP 2El metabolize benzene in the liver to form tt­ 
MA3. 
CONCLUSION 
Fe intake from staple food, eggs, vegetables and 
nuts has no effect on the alteration level of urinary tt­ 
MA. Whereas, the Fe intake from meat has an effect on 
the alteration levels of urine tt-MA. 
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